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A new m a c r o h e t e r o c y c l i c ,  s y m m e t r i c a l  compound containing 1,3,4- thiadiazole r es idues  was 
synthesized,  and s eve ra l  of i ts  phys icochemica l  p r o p e r t i e s  a re  given. 

In [1] it was shown that  s y m m e t r i c a l  and unsymmet r i c a l ,  mac rohe t e rocyc l i c  compounds (macrocycles)  
can be obtained by  r e p l a c e m e n t  of one or two isoindole res idues  in phthalocyanin by r e s idues  of other  cyclic  
compounds.  The compounds of u n s y m m e t r i c a l  s t r u c t u r e s  have two absorpt ion  max ima ,  one in the near  UV 
(340-350 nm) and one in the vis ible  region of the spec t rum (500-510 nm), and are  purple .  

The s y m m e t r i c a l  compounds have one absorpt ion m a x i m u m  in the nea r  UV region (340-360 nm) and 
a re  yellow. The higher  color  of the m a c r o c y c l e s ,  as compared  with the color  of phthalocyanin, is explained 
by the fact  that the i r  m a c r o c y c l e ,  in con t r a s t  to the m a c r o c y c l e  of phthalocyanin,  does not have a closed 
conjugation chain. The absence  of the l a t t e r  affects  other p r o p e r t i e s  of the m a c r o c y c l e s :  they a r e  m o r e  
unstable  than phthalocyanin,  a re  read i ly  hydrolyzed,  and mel t  on heating. The i r  complexes  with me ta l s  a re  
a lso  m o r e  unstable  than m e t a l - p h t h a l o c y a n i n  complexes .  

A red m a c r o h e t e r o c y c l i c  compound - 5 ,24:12,17-diaminodibenzo[c,m]-7,10:19,22-di( thiadiazolyl)-6,11,  
18 ,23- te t raazacyc loekos ine  (I) - is obtained by the r ep l acemen t  in phthalocyanin of two isoindole r es idues  
by 1,3,4- thiadiazole  r e s idues .  

j ~ 4 s j ~  ~ As com pa red  with the absorpt ion m a x i m u m  of phthalocyanin (703 nm), the 
absorpt ion m a x i m u m  in the spec t rum of I (530 nm) is shifted to the shor t -wave  

f ~ ' ~  "N. n ~  ~ ' ~ ' l  region.  This  should apparen t ly  be explained by  the fact  that, in con t ras t  to 
% / x < /  phthalocyanin,  only two isoindole r es idues  en te r  into the composi t ion of I. It is 

v ~ ( t  s ~  l well  known that r e p l a c e m e n t  of isoindole r es idues  in phthalocyanin with p y r ro l e  
N - - N  

res idues  r e su l t s  in a shift  in the absorpt ion  m a x i m u m  to the sho r t -wave  region.  
Thus,  for  example ,  t r i benzo te t r aazaporph ine  has  an absorpt ion m a x i m u m  at 675 nm [2], while t e t r a a z a p o r -  
phine has  an absorpt ion m a x i m u m  at  628 nm [3]. In addition, in con t ras t  to the m a c r o c y c l e  of phthalocyanin,  
the a l ternat ion of carbon and ni t rogen a toms  is d is rupted by the inclusion of sulfur  a toms in the conjugation 
chain of the m a c r o c y c l e  of I. The inclusion of sulfur  in the conjugation chain apparent ly  affects  the p lanar  
s t ruc tu re  of the compound and its absorpt ion spec t rum.  It is in teres t ing  to note that  the r ep l acemen t  of the 
imino group in indigo, which is blue (Xma x 591 nm), by sulfur  a toms changes its color  to red. Thioindigo 
has  an absorpt ion  m a x i m u m  at 540 nm. 

The absorpt ion  m a x i m u m  of I is cons iderab ly  shifted to the long-wave region as compared  with s y m -  
me t r i c a l  m a c r o c y c l e s ,  where  conjugation in the m a c r o c y c l e  is d is rupted by benzene or pyridine res idues .  
It is even somewhat  f a r t h e r  in the long-wave region than in an u n s y m m e t r i c a l  m a c r o c y c l e  (Fig. 1). 

In con t ra s t  to other m a c r o c y c l e s ,  I d i s so lves  in dilute alkali  solutions.  The solubil i ty in alkali  solu-  
t ions is apparen t ly  a s soc ia t ed  with the p r e s e nce  of thiadiazole res idues .  The sulfur  of the thiadiazole r e s i -  
dues is conver ted  to the t e t r ava len t  s tate by  alkali  with the addition o f - O K  groups,  and one of the ni trogen 
a toms is conver ted  to an imino group s i m i l a r  to the convers ion of anthra[1 ,2-c][1 ,2 ,5] thiadiazole-6 ,11-  
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Fig. 1. Absorption s p e c t r a  of 
m a c r o h e t e r o c y c l i c  compounds:  
1) u n s y m m e t r i c a l  m a c r o c y c l e  
with one benzene res idue;  2) 
s y m m e t r i c a l  m a c r o c y c l e  with 
two benzene res idues ;  3) sym ~- 
me t r i c a l  m a c r o c y c l e  with two 
1,3,4- thiadiazole res idues .  

dione [4]. The absorption spec t rum of an alkaline solution of the 
m a c r o c y c l e  does not contain an absorpt ion m a x i m u m  in the vis ible  
region; this is associa ted  with disrupt ion of the conjugation chain of 
the m a c r o c y c l e  as a consequence of the format ion  of imino groups.  
The s ta r t ing  m a c r o c y c l e  is isolated by neutral izat ion of the alkaline 
solution with acid. It was identified by  spec t roscopy  in the UV, v i s i -  
ble, and IR regions .  

N~ ~KOH ~,~S ~N-NH 
~K 

E X P E R I M E N T A L  

Phthaloni t r i le  [4.8 g (0.0375 mole)],  4.5 g (0.0387 mole) of 2,5- 
d iamino- l ,3 ,4 - th iad iazo le ,  and 55 ml  of ethylene glycol were  in t ro-  
duced into a f lask  equipped with a s t i r r e r ;  and the mix tu re  Was heated 
at 120 deg for  20 h. The react ion  m a s s  was then cooled and diluted 
with 600 ml  of water .  The resul t ing  d a r k - c h e r r y  prec ip i ta te  was f i l -  
te red ,  washed with wa te r  and alcohol, and dr ied to give 7.1 g (81%) 
of I, which was purif ied by ext ract ion with methanol .  

Compound I can a lso  be  obtained as follows. Sodium meta l  
[0.04 g (0.00174 g-atom)] was dissolved in 20 ml  of absolute butanol. 
2 ,5 -Diamino- l ,3 ,4 - th iad iazo le  [0.6 g (0.00517 mole)] and 0.62 g 
(0.00485 mole) of phthalonitr i le  were  added to this solution; and the 

resul t ing  mix tu re  was held with vigorous  s t i r r ing  at 50 deg for  10 h, at 90 deg for  10 h, and, finally, ref luxed 
for  20 h. The cooled reac t ion  m a s s  was f i l tered,  and the crude product  was washed with alcohol and wate r  
and dr ied to give 1.0 g (91%) of a d a r k - c h e r r y  product  which did not me l t  up to 400 deg. Found % : C 52.4; 
H 2.2; N 30.5; S 13.6; tool. wt. 486 (ebullioscopy in d imethyl formamide) .  C20H10N10S 2. Calc. ~o: C 52.9; 
H 2.2; N 30.9; S 14.1; mol.  wt.454,4.  The absorpt ion max imum in d ime thy l fo rmamide  was 530 nm (log 
4.08). The compound is v e r y  sl ightly soluble in alcohols and benzene and its homologs,  pa r t i a l ly  soluble 
in d ime thy l fo rmamide  and pyridine,  and soluble in concentrated mine ra l  acids  and dilute alkalis .  

Hydrolys is  of 0.6 g of the product  in 25% hydrochlor ic  acid at 90 deg for  4 h gave 0.41 g (93%) of 
phthalic acid with mp 190-191 deg. The f i l t ra te  was evapora ted  to d ryness ,  the res idue  was dissolved in 
alcohol, and an alcohol solution of p i c r i c  acid was added to give 1.4 g (94%) of the p ic ra te  of 2 ,5 -d iamino-  
1,3,4-thiadiazole with mp 260 deg. 
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